Identification of the structural determinants for the stability of substrate and aminoacrylate external Schiff bases in O-acetylserine sulfhydrylase-A.
O-Acetylserine sulfhydrylase is a pyridoxal 5'-phosphate (PLP)-dependent enzyme that catalyzes the final step in the cysteine biosynthetic pathway in enteric bacteria and plants, the replacement of the beta-acetoxy group of O-acetyl-L-serine (OAS) by a thiol to give L-cysteine. Previous studies of the K41A mutant enzyme showed L-methionine bound in an external Schiff base (ESB) linkage to PLP as the enzyme was isolated. The mutant enzyme exists in a closed form, optimizing the orientation of the cofactor PLP and properly positioning active site functional groups for reaction. The trigger for closing the active site upon formation of the ESB is thought to be interaction of the substrate alpha-carboxylate with the substrate-binding loop comprised of T68, S69, G70, and N71, and Q142, which is positioned above the cofactor as one looks into the active site. To probe the contribution of these residues to the active site closing and orientation of PLP in the ESB, T68, S69, N71, and Q142 were changed to alanine. Absorbance, fluorescence, near UV-visible CD, and (31)P NMR spectral studies and pre-steady state kinetic studies were used to characterize the mutant enzymes. All of the mutations affect closure of the active site, but to differing extents. In addition, the site appears to be more hydrophilic given that the ESBs do not exhibit a significant amount of the enolimine tautomer. No buildup of the alpha-aminoacrylate intermediate (AA) is observed for the T68A and Q142A mutant enzymes. However, pyruvate is produced at a rate much greater than that of the wild-type enzyme. Data suggest that T68 and Q142 play a role in stabilizing the AA. Both residues donate a hydrogen bond to one of the carboxylate oxygens of the methionine ESB and may also be responsible for the proper orientation of the ESB to generate the AA. The S69A and N71A mutants exhibit formation of the AA, but the rate constant for its formation from the ESB is decreased by 1 order of magnitude compared to that of the wild type. S69 donates a hydrogen bond to the substrate carboxylate in the ESB, while N71 donates hydrogen bonds to O3' of the cofactor and the carboxylate of the ESB; these side chains may also affect the orientation of the ESB. Data suggest that interaction of intermediates with the substrate-binding loop and Q142 gives a properly aligned Michaelis complex and facilitates the beta-elimination reaction.